Introduction Central venous catheters are used commonly in critical care. Evidence-based practices to prevent catheter-related bloodstream infections have been widely promoted. One such practice includes assessing the need for central venous catheters on a daily basis and removing those found to be unnecessary. However, little is known about the adherence to this recommendation. Our objective was to examine the prevalence of unnecessary central venous catheters in our intensive care units. Methods We performed a prospective observational study during 28 consecutive days in two adult intensive care units at an academic medical centre. The principal investigator screened patients daily for the presence of non-tunnelled central venous catheters and assessed whether there was an indication for continued central catheterization. Patients under the age of 18 were excluded, as were those undergoing palliative care. Standardized indications were abstracted from the patient's chart, and the patient's primary nurse was interviewed if there was no indication for central venous catheterization in the chart. If there were multiple catheters or indications, the most appropriate indication was recorded. The end point was to establish whether a patient had an appropriate indication for central catheterization rather than to attribute an indication to each catheter. Results Eighty-one patients experienced a total of 614 days with at least one central venous catheter. Fortyone (50.6%; 95% confidence interval [CI], 39.9-61.3%) of these patients had no indication on at least one central venous catheter day. Of all patient days with central venous catheters, 170 (27.7%; 95% CI, 19.5-37.9%) had no apparent indication. The proportion of patient days with central venous catheters without indication was 4.6 (95% CI, 2.6-8.2; P \ 0.001) times greater in the level-2 unit than in the level-3 unit. Discussion In two academic adult intensive care units, a large proportion of patients with central venous catheters lacked an ongoing indication for their use during a significant period of time. Many patients were exposed to complications from unneeded catheters. Our findings will serve as a baseline for determining the success of qualityimprovement interventions to prevent complications such as catheter-related infections in our program.
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Résumé

Methods
The Queen's University Research Human Ethics Board approved this study.
Study population
We undertook a prospective observational study at a tertiary care teaching centre, a 456-bed hospital with a catchment area of over 500,000 persons. The adult critical care program consists of a 21-bed level-3 unit and an 18-bed level-2 unit. The level-2-unit provides care for patients who require continuous cardiac and vital sign monitoring, low doses of vasoactive medications, and noninvasive positive pressure ventilation. The level-3 unit provides the full range of ICU care, including mechanical ventilation. In addition, the level-3 unit is a ''closed'' unit with primary comprehensive care provided by designated critical care physicians. The level-2 unit operates as an ''open'' unit where patient care is provided by various clinical services. Both units have dedicated critical care nursing staff. The usual nurse to patient ratio is 1:1 in the level-3 unit and 1:2 in the level-2 unit. In the level-3 unit, bedside rounds occur three times a day, with formal administrative rounds and a conference with senior physicians and nursing staff each weekday. In the level-2 unit, individual services determine rounding structures. Patients might stay in both units during the same admission; a patient is occasionally transferred between the level-2 and level-3 units. For example, a patient already admitted to the level-2 ICU may deteriorate and require endotracheal intubation, which will automatically lead to a transfer to the level-3 ICU. Alternatively, usual practice in the level-3 ICU is to discharge recovering patients to the level-2 ICU. In addition, the level-3-unit provides overflow capacity for the level-2-unit. During this study, there was no systembased process in either of our ICUs to ensure adherence to maintenance practices, including daily assessment.
Data collection
During 28 consecutive days, the principal investigator screened patients in these units for any temporary nontunnelled central venous catheter, including peripherally inserted central catheters (PICC). Patients under the age of 18 or undergoing palliative care were excluded. The current indication to maintain ongoing catheterization was abstracted from patient records for the previous 24-hr period, which corresponded to the end of a 12-hr nursing documentation period and shift change. Standard indications for central venous catheterization were recorded in the following categories: 1) therapies, 2) renal replacement therapy, 3) venous access, 4) monitoring, and 5) cardiac pacing. 1 These categories reflect not only the literature but also our institutional practices. If there were multiple catheters or indications, the most appropriate indication for having central catheterization was recorded. The end point was to determine whether a patient had an appropriate indication for central catheterization rather than to attribute an indication to each catheter. If there were more than one indication, central catheterization was designated as necessary, and the principal investigator chose an indication that was most appropriate. We did not assign a specific hierarchy for indications, other than considering lack of vascular access (or need for frequent blood draws) only if there was no other clear indication. The outcome was whether an indication for central catheterization existed. Multiple catheters were not adjudicated to assess if minimization of catheterization could be achieved, although the number and site of each catheter was recorded daily for each patient. For example, if a patient receiving vasopressors and long-term antibiotics had both PICC and internal jugular vein catheters, then central catheterization was recorded as necessary with vasopressor as the indication. If the vasopressors were stopped two days later, then central catheterization was still recorded as necessary with long-term antibiotics as the indication, even though two catheters remained in place.
We were liberal in assigning indications.
the catheterization, monitoring was also recorded as an indication. Similarly, vasoactive medications needed to be discontinued for at least 24 hr before that indication was considered as no longer being present.
If there was no apparent reason for central venous catheters, the primary bedside nurse was interviewed. If the reason for central venous catheters was ''lack of peripheral access'', the nurse was asked whether peripheral access was theoretically attainable. If so, ''no indication for central catheterization'' was recorded for that patient for that day unless the nurse indicated that the central venous catheter was required for frequent blood draws. If there was variance among nurses with regard to attainability of peripheral venous access for the same patient but on different days, then the indication, or lack thereof, was recorded each study day based on input from the patient's primary nurse. We did not interact with the physician service or interview or examine patients.
Statistical analysis and sample size considerations
Based on our experience with the two ICUs, we estimated that we would observe approximately 600 days with central venous catheters on 80 patients during a four-week study period. Such a sample size would provide estimates at the patient level to within ± 11% at least 19 times out of 20. The precision of estimates at the daily level would depend on the within patient dependence between days, which could range from ± 4% under complete independence to ± 11% if the outcome variable remained constant within patients.
To account for dependencies induced by the repeated daily observations per patient, risk estimates, P values, and relative risks with 95% confidence intervals were estimated by generalized estimating equations with robust standard errors using PROC GENMOD (SAS version 9.1.3, SAS Institute Inc., Cary, NC, USA) with a binomial distribution and logit link for risks or log link for risk ratios. Table 1 details patient demographics. Of 81 patients, 26 patients were admitted to the level-3 unit exclusively, 44 patients were admitted to the level-2 unit exclusively, and 11 patients were admitted to both units at different times. These 11 patients were intermingled between the two units in a relatively short time period.
Results
There were 614 patient days with central venous catheters, 422 (68.7%) patient days in the level-3 unit and 192 (31.3%) patient days in the level-2 unit. Table 2 shows the recorded indications for patient days with central catheterization with no specific hierarchy for indications (other than lack of peripheral catheterization). Forty-one (50.6%; 95% confidence interval [CI], 39.9-61.3%) patients had at least one day with unnecessary central venous catheters, and 31 (38.3%; 95% CI, 28.4-49.3%) patients had at least two consecutive days with unnecessary central venous catheters. Of all patient days with central venous catheters, 170 (27.7%; 95% CI, 19.5-37.8%) had no apparent indication. Fifty-five of these days were recorded in the level-3 unit, and 115 days were recorded in the level-2 unit, representing 13.0% (95% CI, 7.5-21.6%) and 59.9% (95% CI 42.6-75.1%) of all patient days with central venous catheters in these units, respectively. The proportion of patient days with central venous catheters without indication was 4.6 (95% CI, 2.6-8.2; P \ 0.001) times greater in the level-2 unit compared with the level-3 unit.
Central catheter sites are presented in Table 3 . Only 12.8% (95% CI, 7.9-20.2%) of all catheters -20.5% of all catheters if PICCs are excluded -were inserted in the subclavian vein.
Discussion
In a single Ontario teaching centre's critical care program, we found a high prevalence of unnecessary central venous catheters. During the conduct of this study, there were no system-based processes in our critical care program to ensure daily assessment of patient need for central venous catheters. ''Usual care'', therefore, may fail to ensure prompt identification of unnecessary catheters.
Why didn't clinicians remove central lines as soon as an indication was lacking? Physicians may have been balancing the risks of central catheter reinsertion against the risks of maintaining central catheterization in a patient with a high potential for deterioration or difficult catheter insertion. Also, medical teams may have lacked appreciation of the importance of removing unnecessary catheters. Perhaps these catheters provided practitioners with a sense of security while managing critically ill patients. Possibly some catheters were removed shortly after the day they were deemed unnecessary. However, not only were we liberal in accepting indications for central catheterization, but also, we observed that about one-third of patients had at least two consecutive days with unnecessary central venous catheters.
There are several potential explanations for the difference between the level-2 and level-3 units in terms of patient days with unnecessary central venous catheters. With a greater burden of illness and elevated acuteness, level-3 unit patients are more likely to have an indication for central venous catheters compared with level-2 unit patients. Thus, the likelihood of unnecessary central venous catheters is expected to be lower for level-3 patients. Alternatively, better processes of care in the closed-model ICU may have resulted in timely removal of central venous catheters. 9 However, even the relatively low prevalence in the level-3 unit (13.0%) may represent lack of reliable processes in identifying unnecessary catheters. Lastly, the comparison between the level-2 and level-3 units may be biased by the intermingling of patients, e.g., when patients were discharged from the level-3-unit to the level-2-unit with catheters in situ but lacking clear indication.
Our study has a number of strengths. First, we included patients admitted to both level-3 and level-2 units. This provides a sample representation of our critical care setting. Second, we collected data prospectively and consecutively for all admitted patients over a four-week period, which minimized the risk of sampling bias. Finally, medical teams were generally unaware of this study. Therefore, we believe our findings reflect the usual practice in our program.
Our study has important limitations. First, to facilitate data collection and to simplify determining a catheter's necessity, we chose patient days with central venous catheters -rather than individual catheter days -as the main measure. This decision precluded us from discussing potentially important associations between unnecessary catheter days and catheter-specific variables, such as type, site, and indication. In particular, we counted PICCs with other non-tunnelled central venous catheters because they carry risks of complications comparable with other such catheters. 2 Peripherally inserted central catheters are easily available in our centre and are often placed by the Interventional Radiology Service as substitutes for other central venous catheters. Perhaps clinicians perceive PICCs as harmless. Also, clinicians may be less inclined to remove an unnecessary PICC, as replacement would require one more procedure by the Interventional Radiology Service. Many patients in our study had multiple concurrent or consecutive catheters, especially PICCs. However, our outcome, being the presence of appropriate central catheterization, precludes a subset analysis to compare patients with PICCs with patients with different central catheters.
Second, we identified unnecessary catheterization based on a daily prospective chart review for predefined standard indications. To minimize bias, such as the Hawthorn Effect, we did not interview the physician teams caring for the patients, and we cannot comment on physician perceptions. We may have failed to capture acceptable indications for central venous catheters outside of those we predefined. Since we did interact with the nursing staff, there was the potential of biasing the nurses towards assessing the need for central venous catheters more frequently and thereby influencing the physician teams indirectly. Moreover, as we were liberal in accepting indications for central venous catheters, we may have underestimated the true prevalence of patient days with unnecessary central catheterization.
Third, the mixed patient populations (level-3 and level-2 ICUs) and care delivery models (closed vs open model) challenge the interpretation of our results. For example, it is possible that the perceptions of health care teams regarding the detrimental effects of central venous catheters on patients varied according to patients' severity of illness. This may have contributed to increased rates of unnecessary catheters in the level-2 ICU. In addition, the differences between the two units may be attributable to the care delivery model. We chose to present the differences between the two units due to their magnitude. Our data did not allow us to assess the reasons for the differences in the proportions of unnecessary catheters between our ICUs.
We performed this study in a single centre; therefore, our findings cannot be directly generalized to other organizations. For example, extensive use of PICCs may be unique to our centre. In addition, a single observer gathered the data for this study, which may introduce further potential for bias. We minimized this possibility by using a strict list of indications for central catheterization with little occasion for personal adjudication. As we were liberal in accepting indications for central catheterization and as a patient was only deemed to have unnecessary catheterization after interviewing the primary bedside nurse, it is more likely that we underestimated the rate of unnecessary catheterization.
Reliable daily assessments of central catheters and prompt removal of unnecessary catheters may vary among different critical care environments and organizations. Our study was not designed to determine reasons for noncompliance with central catheter maintenance practices but was designed, instead, to describe its extent. Utilization of best practices is influenced by many factors. 10 As with other clinical practices, achievement of good performance may require the addition of system-based tools, such as checklists and performance feedback. [11] [12] [13] In conclusion, in a single academic centre, a significant proportion of critically ill patients with central venous catheters had no clear indication for ongoing central venous catheterization. This study will serve as baseline data to inform the success of a planned quality-improvement intervention to identify and remove any unnecessary central venous catheters.
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